The dog tapeworm E. granulosus is one of a group of medically important parasitic helminths of the family Taeniidae (Platyhelminthes; Cestoda; Cyclophyllidea) that infect at least 50 million people globally 1 . Its life cycle involves two mammals, including an intermediate host, usually a domestic or wild ungulate (humans are accidental intermediate hosts) and a canine-definitive host, such as the domestic dog. The larval (metacestode) stage causes hydatidosis (cystic hydatid disease; cystic echinococcosis), a chronic cyst-forming disease in the intermediate (human) host. Currently, up to 3 million people are infected with E. granulosus 2,3 , and, in some areas, 10% of the population has detectable hydatid cysts by abdominal ultrasound and chest X-ray 4,5 .
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The dog tapeworm E. granulosus is one of a group of medically important parasitic helminths of the family Taeniidae (Platyhelminthes; Cestoda; Cyclophyllidea) that infect at least 50 million people globally 1 . Its life cycle involves two mammals, including an intermediate host, usually a domestic or wild ungulate (humans are accidental intermediate hosts) and a canine-definitive host, such as the domestic dog. The larval (metacestode) stage causes hydatidosis (cystic hydatid disease; cystic echinococcosis), a chronic cyst-forming disease in the intermediate (human) host. Currently, up to 3 million people are infected with E. granulosus 2, 3 , and, in some areas, 10% of the population has detectable hydatid cysts by abdominal ultrasound and chest X-ray 4, 5 .
E. granulosus has no gut, circulatory or respiratory organs. It is monoecious, producing diploid eggs that give rise to ovoid embryos, the oncospheres. Strobilization is a notable feature of cestode biology, whereby proglottids bud distally from the anterior scolex, resulting in the production of tandem reproductive units exhibiting increasing degrees of development. A unique characteristic of the larvae (protoscoleces, PSCs) within the hydatid cyst is an ability to develop bidirectionally into an adult worm in the dog gastrointestinal tract or into a secondary hydatid cyst in the intermediate (human) host, a process triggered by bile acids 6 . Another distinct feature of E. granulosus is its capacity to infect and adapt to a large number of mammalian species as intermediate hosts, which has contributed to its cosmopolitan global distribution.
Here we report the sequence and analysis of the E. granulosus genome. Comprising nine pairs of chromosomes 7 , it is one of the first cestode genomes to be sequenced and complements the recent publication by Tsai et al. 8 of a high-quality genome for Echinococcus multilocularis (the cause of alveolar echinococcosis), together with draft genomes of three other tapeworm species including E. granulosus. Our study provides insights into the biology, development, differentiation, evolution and host interaction of E. granulosus and has identified a range of drug and vaccine targets that can facilitate the development of new intervention tools for hydatid treatment and control.
The genome of the hydatid tapeworm Echinococcus granulosus

RESULTS
Genome sequencing and annotation
We sequenced 2.8 Gb of 454 GS FLX shotgun sequences and 20.8 Gb of Solexa paired-end or mate-paired sequences using DNA extracted from a single E. granulosus cyst (G1 genotype; common sheepdog strain) 9 and obtained 967 scaffolds totaling 110.86 Mb (Supplementary Tables 1 and 2 ). We validated genome sequence quality and assembly through comparisons with the E. granulosus mitochondrial genome, fosmid clones and EST sequences ( Supplementary Fig. 1 Fig. 2 ).
We predicted a total of 11,325 protein-coding genes spanning 10.4% of the genome ( Table 9 ). No complete retrotransposons were found, in contrast with the schistosome genomes, which have 20% retrotransposons 10, 11 . Although the E. granulosus genome was sequenced with material from a single cyst (originating from a single egg and thus a clone), we found 145,534 SNP sites, with a density of 0.96 SNPs/kb (Supplementary Tables 10-12 ).
E. granulosus had the highest GC content in both its genome (42.1%) and coding regions (49.3%) of the four parasitic helminths and the two free-living nematode taxa with which we compared it. The CpG/expected CpG ratio in E. granulosus genes (0.83) was similar to that of other worms (0.80-1.00) but was much higher than in mammals (0.44 for humans and 0.48 for the domestic dog) (Supplementary Fig. 5 ). Cytosine methylation in the schistosome genome regulates oviposition 12 , but the higher CpG content in worms might hint that such methylation occurs much less frequently in these organisms than in mammals. We found only one DNA (cytosine-5)-methyltransferase gene (gene symbol, DNMT3B; gene ID: EG_07014; KO identifier, K00558) and one methyl-CpG-binding domain gene (MBD; EG_02905; K11590) in the E. granulosus genome (Supplementary Table 13) , whereas ten DNMT genes are present in humans.
Comparative genomics and features associated with parasitism
We compared the protein domain profiles of E. granulosus with those of six other worms and two mammalian hosts. A total of 6,428 Pfam domains were found in the 9 taxa, with 3,405 identified in E. granulosus, similar to the number of domains in the other 4 parasites but fewer than in the 2 free-living nematodes (Supplementary Figs. 6 and 7 and Supplementary Table 14) .
KEGG analysis showed that E. granulosus has complete pathways for glycolysis, the tricarboxylic acid (TCA) cycle and the pentose phosphate pathway (Supplementary Table 15 ). It lacks the capability for the de novo synthesis of pyrimidines, purines and most amino acids (except for alanine, aspartic acid and glutamic acid) ( Fig. 1 and Supplementary Fig. 8 ), thus relying on the host for these essential nutrients. This feature is supported by its loss of 495 Pfam domains compared with the free-living nematode and mammalian species ( Supplementary Fig. 9 and Supplementary Table 16 ).
Comparing the KEGG ontology terms of E. granulosus and the other parasites with those of Caenorhabditis elegans and Pristionchus pacificus, we found that the former group had 500-550 KEGG ontology terms associated with metabolism, fewer than in the freeliving worms (Supplementary Table 17 ). Enrichment analysis showed that the lost KEGG ontology terms were significantly enriched in 13 pathways (false discovery rate (FDR) < 0.01), all related to metabolism, including, among others, amino acid metabolism, lipid metabolism, biosynthesis of other secondary metabolites, xenobiotic biodegradation and the peroxisome pathway (Supplementary Table 18 ), further emphasizing the dependence of E. granulosus on its host for key metabolites.
The genome encoded 219 proteases or peptidase-like proteins, including 25 extracellular proteases, 38 cell membraneassociated proteases, 156 intracellular proteases and/or peptidases (Supplementary Fig. 10 ). Consequently, cholesterol ester provided by the host would be the only source of cholesterol (Fig. 1) , and this notion is supported by the presence of sequences encoding cytoplasmic sterol O-acyltransferase (EG_03337) and transmembrane cholesterol esterase (EG_10760 and EG_11290) in E. granulosus.
Domain families gained in E. granulosus
Only one E. granulosus-specific protein domain family was confirmed-antigen B (EgAgB), a complex of antigens comprising seven members. Expanded domain families in E. granulosus included the heat shock protein 70 (Hsp70), universal stress protein (USP), poly-(ADP-ribose) polymerase (PARP) and prothymosin families (Supplementary Table 22a ). Hsp70 proteins have important roles in protein folding and in protecting cells from stress, and expansion of this family in E. granulosus has been reported 13 . Expression of Hsp70 genes was substantially different in the four life-cycle stages; for example, EG_09650 was only expressed in adult worms, and EG_10561 was highly expressed in the hydatid cyst membrane (Supplementary Table 23 ). Furthermore, we identified 13 USP genes in E. granulosus compared with the 7-8 identified in schistosomes, whereas none occurred in nematodes (Supplementary Table 22b ). USPs are small cytoplasmic proteins associated with stress responses. USP genes are found in urochordates, cnidarians and the Lophotrochozoa (including the Platyhelminthes) but not in the nonurochordate deuterostomes (including mammals) and ecdysozoans (including Nematoda) 14 , suggesting that the Platyhelminthes have evolved different mechanisms from nematodes to overcome stress. Hsp70 and USP proteins may be involved in stress responses associated with the extremely harsh host environment of the intestinal tract, which has reactive oxygen species (ROS), variable pH and numerous highly active proteases. npg There were more dynein light chain (DLC), dynein heavy chain (DHC) and cadherin family members in E. granulosus and schistosomes than in nematodes. Dyneins are motor proteins that act in the force-generating eukaryotic cilia and flagella and in the intracellular retrograde motility of vesicles and organelles, and DLC proteins are associated with transforming growth factor (TGF)-β signaling 15 . The E. granulosus genome had 48 DLC members (compared to 35 in Schistosoma japonicum and 29 in Schistosoma mansoni), whereas 4-7 were found in the 4 nematodes. We identified 49 cadherins in the E. granulosus genome, similar to the numbers found in schistosomes (51-65) but more than in nematodes (12) (13) (14) (15) (16) (17) (18) (Supplementary  Table 22b ). Cadherins belong to a class of type 1 transmembrane proteins that have important roles in cell recognition and adhesion. They localize to the cell membrane, interacting with another cadherin subtype on an adjacent cell in a zipper-like fashion, and may have a role in invasion 16, 17 . Overall, expansions in these protein domain in E. granulosus seem to represent another adaptation to parasitism.
Orthologs in parasitic helminths as potential intervention targets
Comparing the protein domains present in both E. granulosus and other sequenced parasitic helminths, we did not find any shared functional annotations suggesting a common association with parasitism. However, using ortholog analysis, we found 33 ortholog groups (represented by 42 E. granulosus genes) uniquely present in parasitic helminths ( Supplementary Fig. 11 and Supplementary  Tables 24-26 ). These genes may be of interest as potential drug, vaccine or diagnostic targets.
E. granulosus and the other parasitic worms encode a special orthologous group of prenylcysteine oxidases (EG_06057), which may catalyze the final step in the degradation of prenylated proteins. Protein prenylation has been studied extensively in parasites, with prenyltransferase inhibitors found to inhibit the differentiation and growth of several species 18 . Prenyltransferase is a key enzyme in the biosynthesis of prenylated proteins and, along with prenylcysteine oxidase, may represent a novel drug target.
Another parasite-specific ortholog group encoded proteins similar to the CD151 antigen (tetraspanin). Notably, two tetraspanins from S. mansoni are protective when used in vaccines in mice, and there is a strong IgGmediated response to tetraspanin in individuals naturally resistant to S. mansoni 19 . Further, RNA interference studies suggest that tetraspanins have important structural roles in S. mansoni tegument development, maturation or stability 20 , which may also be the case in E. granulosus.
Bidirectional development
The gene expression profile of E. granulosus suggests that upregulated genes have important roles in controlling and maintaining stage-specific features of the parasite during its life cycle (Fig. 2,  Supplementary Fig. 12, Supplementary Tables 27-29 and Supplementary Note). A striking feature of the biology of E. granulosus is that the PSC has the potential to develop in either of two directions. Larvae ingested by a dog will develop in a sexual direction to form adult tapeworms in the gut. In contrast, if a hydatid cyst ruptures within the intermediate or human host, each released PSC is capable of differentiating asexually into a new hydatid cyst, meaning that 'secondary' hydatidosis results (Fig. 2) .
It has been shown that bile acids have a crucial role in the differentiation of PSCs into adult worms 6 , and E. granulosus may express bile acid receptors and transporters to stimulate the relevant pathways (Fig. 1) . The two major kinds of bile acid signaling receptors are represented by TGR5, a G protein-coupled receptor (GPCR) 21 , and members of the nuclear hormone receptor superfamily, including the farnesoid X receptor (FXR) 22 . Although we identified several downstream signal transduction components of the bile acid pathways, we found no TGR5-like receptors in the E. granulosus genome or transcriptome. We identified four genes as candidate nuclear hormone receptors for bile acid signals (EG_00119, EG_00780, EG_04405 and EG_08428), which encode proteins that have more than 20% amino acid identity with FXR and the vitamin D receptor (VDR) and contain a DNA-binding domain and a ligand-binding domain. We also found genes encoding five sodium-bile acid cotransporters and seven multidrug resistance proteins (MRPs) 23 , as well as genes associated with bile acid metabolism, including sterol regulatory element-binding protein 1 and bile acid β-glucosidase-related proteins (Supplementary Table 30) . Ecdysone or other sex steroids might regulate molting in parasitic nematodes through nuclear hormone receptors 24, 25 , and it is reasonable to assume that exogenous bile acid from the host has an important role in the development of E. granulosus in a similar fashion.
The nuclear receptors FXR and VDR are less sensitive to their physiological ligands (EC 50 (half-maximal effective concentration) of ~10 µM) than the membrane receptor TGR5 (EC 50 of ~300-600 nM) 26 , 
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and this difference in sensitivity supports the observation that E. granulosus only develops into an adult worm in the presence of high concentrations of bile acid, such as are found in the dog intestine. Although current knowledge does not exclude the possibility of an unknown, novel GPCR bile acid receptor in E. granulosus, FXR-like nuclear receptors, which are more conserved among species, likely have a role in its bile acid signaling process. The PSC is more complex in structure than the thin hydatid cyst, and secondary cyst development from the PSC is likely a process of dedifferentiation 6 . We identified 356 genes upregulated in the PSC compared with in the hydatid cyst (Fig. 2) , including 45 associated with signal transmission. In addition, 28 genes upregulated in the PSC were completely silenced in the hydatid cyst (Supplementary Table 31 ).
Strobilization and reproduction
E. granulosus undergoes both sexual and asexual reproduction. Adult worms sexually produce eggs in each gravid proglottid, which in turn are replicated through strobilization 6 . Hsp90-like protein (EG_10560) was highly expressed in adults and hydatid cysts (Supplementary Table 32 ). Hsp90-mediated homeostasis controls stage differentiation in Leishmania donovani 27 , suggesting that Hsp90 may have a role in strobilization in adult E. granulosus, along with other proteins such as that encoded by the segmentation gene fushi tarazu (ftz-f1; EG_10234).
The E. granulosus genome contains a range of genes associated with segmentation, including, among others, Hox genes, arm/catenin, nanos homolog 1, pair-rule genes and tailless (Supplementary Table 33 ). Homologs of genes involved in sexual reproduction in C. elegans 28, 29 were also identified, including ones associated with meiosis, spermatogenesis or oogenesis, fertilization and egg development (Supplementary Table 34) .
Gene ontology and KEGG pathway analyses showed that E. granulosus possesses most of the key molecules involved in the meiotic pathway. We identified 20 meiosis-associated components, including early meiotic induction protein (EG_00791), meiotic recombination protein rec8 (mre8; EG_04509), an mre11 homolog (EG_ 07425) and a meiotic nuclear division protein 1 homolog (EG_01539) (Supplementary Table 35) . Egg surface LDL receptor repeat-containing protein (EGG) is a member of a protein family localized to the plasma membrane of the oocyte that is necessary for fertilization 30 . We identified a gene (EG_08608) homologous to EGG encoding a type II transmembrane molecule with the extracellular domains including eight LDL receptor repeats that are known to function as receptors for a variety of ligands and to mediate multiple cellular responses 30 .
Signaling pathways
Wed found that E. granulosus possesses several complete signaling pathways, including for mitogen-activated protein kinase (MAPK), ErbB, Wnt, Notch, Hedgehog, TGF-β, Jak-Stat and insulin signaling (Supplementary Table 36 ). The genome encoded fibroblast growth factor receptor (FGFR; EG_04208), epidermal growth factor receptor (EGFR; EG_03329) and insulin-like growth factor receptor (IGFR; EG_02146 and EG_02635) ( Table 2 ), but no genes for FGF, EGF or IGF were identified. The Lin-3 gene encodes EGF in C. elegans 31 , but we did not find a homolog of Lin-3 in E. granulosus. The identities of the E. granulosus components acting on these receptors are unclear, and the parasite may use host signaling proteins, sharing the same common signaling components and pathways as its host, to signal cell proliferation, differentiation and even cell death during organogenesis and tissue development. We found 11 cytokine receptors, 12 nuclear receptors and 66 GPCRs involved in regulating numerous cellular processes (Supplementary Table 37 ). E. granulosus expressed many proteins (n = 192) responsible for cell interaction (Supplementary Table 38) , which may function in host-parasite cross-talk (Supplementary Note).
Neuroendocrine and nervous systems
Most hormones and receptors associated with the classical neuroendocrine hypothalamus-pituitary-peripheral endocrine gland axis were absent in E. granulosus (Supplementary Table 39 and Supplementary Note), although two putative receptors of the hypothalamus-pituitarythyroid axis were found. One gene (EG_07666) had high sequence similarity with the pituitary thyrotropin-releasing hormone receptors (TRHRs) in humans and domestic dogs; another (EG_08053) was similar to the thyroid hormone receptor (THR) α isoform 1 of these mammalian hosts, but thyroid-stimulating hormone receptor (TSHR) was absent. The neuroendocrine system of E. granulosus is simple and incomplete compared with that of S. japonicum 11 . In addition, we identified 92 genes encoding sensory system elements (Supplementary Table 40 ), including homologs associated with taste and smell, such as olfactory receptor, G protein and adenylate cyclase type 3.
Evading immune recognition and regulation of host immunological responses
A hallmark of E. granulosus is its prolonged survival-up to 53 years in humans 32 -in many mammalian host species, indicating that it selectively produces components to moderate the host immune response, thereby enabling escape from host attack 33 . E. granulosusspecific EgAgB is likely to be a key factor in the process of immune evasion, as the antigen is secreted and variable 34 . Encoded by a gene family, we found seven EgAgB genes in the genome, similar to in a previous report 13 .
Other evasion strategies include the production and release of proteases (Supplementary Table 19 ) to digest host proteins and protease inhibitors to avoid host protease digestion. We found 1,965 predicted proteins in the genome with signal peptides, of which 809 were TGF-β/TGF-ßR, transforming growth factor-β/TGF-β receptor; FGF/FGFR, fibroblast growth factor/FGF receptor; VEGF/VEGFR, vascular endothelial growth factor/VEGF receptor; EGF/EGFR, epidermal growth factor/EGF and TGF-α receptor; IGF/IGFR, insulin-like growth factor/IGF receptor; TNF/TNFR, tumor necrosis factor/TNF receptor. All data were collected or calculated using the KEGG database. +, present; −, absent. All genes of other taxa were searched for in the KEGG database, except for EGF 31, , which was searched for using the LIN-3 protein of C. elegans. Table 41 ). These proteins likely serve as messengers for cross-talk between E. granulosus and its hosts, having key roles in regulating host immune responses. Secreted products from E. granulosus, expressed highly in the adult, oncosphere and hydatid cyst (Supplementary Table 42) , may affect the host immune system by influencing the cytokine network and signal transduction pathways or by inhibiting essential enzymes, resulting in immune regulation through suppression, diversion or alteration of the host immune response. This process may provide an anti-inflammatory environment that is favorable for parasite survival 35 . Unlike in schistosomes, no genes associated with the Toll-like receptor pathway were identified in E. granulosus. However, we found that E. granulosus possesses a range of genes encoding molecules associated with innate immune defense mechanisms. These included leukotriene A4 hydrolase (LTA4H; EG_02555), a chemoattractant (EG_09475), cytokines, macroglobulin, tumor necrosis factor (TNF) receptor, glycan, mannosyltransferase, prostaglandins, lipooxygenase, beige beach and histone H2A (Supplementary Table 43 ). In addition, the genome contained 25 leucine-rich repeat (LRR)-containing proteins and lectin-like proteins (EG_07089, EG_04345 and EG_10148), which have the potential to act in the recognition and clearance of microbes 36 , an important feature, given that the adult worms of E. granulosus live in the canine intestine, which harbors countless number of microorganisms.
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New intervention targets
Praziquantel is a highly effective drug in killing adult worms of schistosomes and E. granulosus. It is hypothesized to act directly or indirectly on calcium channel β (Ca v β) subunits in schstosomes 37 . Given that humans, mice, rats and rabbits can accommodate high quantities of praziquantel with only mild side effects 38 , putative sites related to praziquantel sensitivity in worms may be located in conserved functional domains that have different sequences than in the mammalian hosts. We found EgCa v β 1 (EG_10568) and EgCa v β 2 (EG_04487), the homologs of schistosome SmCa v β 1 and SmCa v β 2 , which contain a Src-homology 3 domain (SH3), a guanylate kinase domain (GK) and a β-interaction domain (BID). The BID domain has been suggested to be the region whereby the Ca v β and Ca v α subunits interact 39 . Additionally, two non-functional putative serine phosphorylation sites in this region of wild-type SmCa v β 1 have been linked to praziquantel action, as mutations affecting either of the two wild-type sites result in the elimination of sensitivity 37 . Phylogenetic analysis confirmed in detail the previous suggestion that the E. granulosus Ca v β 1 proteins are encoded by different orthologs, whereas Ca v β 2 and the host Ca v β proteins represent one orthologous group (Fig. 3a) . The conserved sequences of the E. granulosus BID phosphorylation sites further support the hypothesis of non-functional phosphorylation sites (Fig. 3b) . However, the crystal structure of rat Ca v β indicates that the BID phosphorylation sites have very low or no relative accessibility and thus are unlikely to interact with protein kinases under the proposed protein conformation. Instead of BID, a Ca v α-binding pocket (ABP) has been suggested as the region whereby the Ca v β and Ca v α subunits interact 39 .
We noticed another reported putative phosphorylation site near the ABP with a relative accessibility of 35.4%, which is reduced to 12% when Ca v β binds to the α-interaction domain (AID) of Ca v α. It is noteworthy that the region containing this phosphorylation site may also be dysfunctional in the Ca v β 1 subunit of E. granulosus and schistosomes, being recognized by protein kinases other than the common kinases of Ca v β 2 in worms and the host Ca v β subunits (Fig. 3c) . This finding implies that other praziquantel-sensitive sites may exist, possibly representing a different mechanism of indirect interaction between Ca v β and praziquantel. It is of note that, unlike in schistosomes, praziquantel is poorly effective or ineffective 40 against the liver fluke Faciola hepatica, which has no Ca v β homologs present in its transcriptome 41 .
Current treatment of hydatid disease involves surgery and the use of benzimidazole drugs, but the results are far from satisfactory, and new compounds for the treatment of cystic echinococcosis are urgently needed. By examining the genome, we identified a number of possible new druggable targets for echinococcosis (n = 72) ( Supplementary  Tables 44 and 45) , including GPCRs, serine-threonine and tyrosine A r t i c l e s protein kinases, serine proteases and nuclear hormones, which are the targets of successful new drugs discovered in recent years 42 . Ion channels may prove to be additional attractive targets for future anthelmintic development 43 . We identified genes encoding 29 ligand-gated ion channels, 39 voltage-gated cation channels, 5 chloride channels and 9 other types of channels in the E. granulosus genome (Supplementary Table 46 ). The ligand-gated ion channels included 13 Cys-loop superfamily proteins, 6 glutamate-activated cation channels, 2 epithelial sodium channels and 2 ATP-gated ion channels. Among these, seven nicotinic acetylcholine receptors of the Cys-loop superfamily constituted the largest subfamily.
The EG95 vaccine has been shown to induce almost complete protection in sheep against E. granulosus challenge infection, and homologs from other taeniid worms induce similar levels of protective efficacy 44 . We identified seven genes encoding EG95 and others, such as protease inhibitors and tetraspanins, that were highly and specifically expressed in oncospheres and likely represent additional vaccine candidates for echinococcosis (Supplementary Table 47 ). In addition, the most relevant diagnostic target molecules in E. granulosus were secreted proteins, including EgAgB, antigen 5, EG10 and TPx, which have already shown some promise in serodiagnosis 33 (Supplementary Table 48 ).
DISCUSSION
The genome of E. granulosus is one of the first tapeworm genomes to be sequenced. The work presented here provides a model for future studies on evolution, genomic architecture in general and the biology of bidirectional development-differentiation and segmentationstrobilization. E. granulosus has lost a range of genes associated with lipid and amino acid synthesis but has acquired others with potential for biasing the host immune response and for inducing host production of cytokines and other factors that are beneficial for parasite growth and survival.
The genome and transcriptome data will provide a platform, not only for deeper understanding of the molecular biology and physiology of E. granulosus and for illuminating mechanisms of pathogenesis in echinococcosis, but also for developing new public health interventions against hydatid disease, given the inefficiencies of currently available drugs, the lack of appropriate diagnostic procedures and the current difficulties in treatment and control 45 .
We obtained similar findings for E. granulosus to those reported by Tsai et al. 8 , including expansion of the Hsp70-domain family and the lack of some key metabolic pathways for the synthesis of several amino acids, fatty acids and cholesterol. However, in addition to assembled scaffolds, we identified more repetitive sequences from unassembled contigs and obtained a higher ratio of repeats (30.25% or 45.86 Mb) and a larger genome size for E. granulosus. As well as providing an invaluable resource to facilitate the development of much needed new treatments and tools for the control of echinococcosis, these two independent reports will provide a comprehensive basis for exploring basic questions on the biology and evolution of the Gestoda.
URLs. E. granulosus genome assembly contigs and scaffolds, complete sequences from 19 fosmids and transcriptome sequences can be downloaded from ftp sites of the Chinese National Human Genome Center at Shanghai (CHGCS; http://chgc.sh.cn/Eg).
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Methods and any associated references are available in the online version of the paper. 
